The aim of the working group was to produce a document with recommendations for animal use that focused on the variations in the biologic response among the animal species. The stakeholders for this process included end-users (patients, clinicians) as well as those involved in development of new therapies (researchers, contract research organizations, the biotechnology and pharmaceutical in cartilage repair such as the investment community and the ICRS itself. A better understanding of the model-associated variables in cartilage repair research would facilitate objective decisions about the development and use of new techniques.
Of the many variables that affect the outcome of a complex surgical procedure, the response of the tissue to injury is probably the single most important factor. Variables that affect the cartilage repair are shown in Table 1 but there is considerable evidence that cartilage repair response is age-dependent (Wei and Messner 1999) . The three mechanisms of cartilage repair (intrinsic repair, extrinsic repair of the animal species because children (Gilmore and Palfrey 1987) and immature animals (Brama, TeKoppele et al. 2002; Hunziker, composed of thick cartilage with spindle-shaped cells, no clear zonal organization and vascular canals. Injury to immature cartilage results in a brisk intrinsic repair response that declines at sexual maturity. The exact trajectory of this decline is largely unknown, making it risky to use any extrapolation of chronological age or life expectancy as a standard of comparison between human patients and their animal counterparts. Sexual maturity, growth plate closure and body weight have been used as determinants of maturity (Kilborn, Trudel et al. mid-life stage at most patients requiring cartilage repair. All surgeons recognize the advantages of operating young adult patients in their twenties but are much less optimistic about outcomes for patients Unlike the animals used in cartilage repair models, such patients are well past sexual maturity or adolescence, have no intrinsic repair capacity, have diverse etiologies (prior trauma, body mass index), and their chondrocytes are approaching senescence.
Members of the animal model subcommittee wanted to explore the relationship between age and factors that would reduce the intrinsic and extrinsic repair response in animals as they became older. Vascularity of the subchondral bone and the time course for comprises an effective barrier to extrinsic repair (Hurtig, Fretz et al. 1988; Hoemann, Hurtig et al. 2005; Frisbie, Morisset et al. 2006) . or hematoxylin/eosin stained histological sections were reviewed from animals at time points from sexual maturity and older. Species included were rabbit, guinea pig, dog, cow, horse, sheep and goat. The medial femoral condyle and trochlear groove as well as other relevant locations such as the femoral head of the dog and distal metacarpus of the horse were examined. Morphological criteria of interest are shown in Table 2 . Polarized light was used when a clear not present. The hypothesis was that formation and integrity of the chondral progenitors that, in part, explain the age-related decline in cartilage repair response observed in animals.
Figure 1 provides an example of the morphological criteria comprising an incomplete barrier to marrow elements from a sexually mature, slaughter-age, 600 kg, 18-month-old bovine. The subchondral bone plate has many marrow spaces abutting the thin, discontinuous cartilage layer. This could present a conduit for vasculature and cells to access an injury site, initiating a brisk extrinsic repair response. An intermediate situation is seen in Figure 2 showing the tibial plateau subchondral plate of a four-month-old male Dunkin-Hartley guinea pig where vascular elements intrude on a continuous but though in some locations it is relatively thin. Figures 4 and 5 are an cartilage barrier in 4 and 12 month old rabbits. Figure 6 demonstrates 1.5-year-old sheep that becomes more mineralized and dense with age (Archibald, Hurtig et al, 2002) . Goats are similar in this respect.
As we accumulate more specimens from various species and ages predicted by age at sexual maturity and that a complete, continuous subchondral bone plate forms some time after. The subchondal bone plate should be composed of a dense, highly organized layer of subchondral bone with minimal marrow. Most importantly, there should be no marrow spaces or blood vessels that encroach into cartilage repair experiments that seek to evaluate new methods for use in adult human patients.
More studies are needed to determine how subchondral plate formation and chondrocyte maturation are linked. Though 4-month-old rabbits have a thin but complete subchondral plate their chondrocytes retain considerable intrinsic repair capacity as evidenced by the high cell density, large chondrocytes arranged vertically in chords like a growth plate and response to injury. A similar situation is present immature purpose-bred pigs, sheep, goats, dogs and other species. The cost and limited availability of retired 1 year old retire breeder rabbits militates against a more logical use of this popular species. In addition, adult rabbits should be kept in large open areas that facilitate their activity level through
The lack of easy access to skeletally mature larger animals and appropriate facilities for them may explain why there are very few reports of successful cartilage repair in outbred dogs, sheep, goats and horses that are two or more years of age. In some cases in the larger animal species such as the horse sheep or goat, long bone radiographs or histological sections though any longitudinal growth a continuous subchondral bone plate is present at two years of age despite the proximity of a radiographically apparent secondary layer may be penetrated by microfractures during postoperative weight bearing in the dog (Breinan, Hsu et al. 2001) or larger species. This can become a confounding variable when a full thickness cartilage lesion was anticipated but an osteochondral lesion similar to a microfractured site results. To make matters worse, this penetration may be focal and inconsistent resulting in site-toof error, there has been some emphasis on researchers validating that experimental defects do or do not perforate the subchondral bone plate at time=0, particularly when cell based repair procedures are used. Until more information becomes available we strongly species of interest has an intact subchondral bone plate replete with chances of communication between the experimental defect and the subchondral bone marrow spaces.
Experimental protocols that use microfracture should carefully control the depth of penetration and the amount of subchondral bone plate removed as these parameters may affect the outcome. Immature animals have reduced mineralization of the subchondral plate, so over-penetration by a microfracture awl is more likely. Collapse of the subchondral bone plate and subchondral cyst interpret the outcomes.
Due to the intrinsic repair capacity of chondrocytes in juvenile animals experiments using animals of this type will lead to positive outcomes that over-estimate the value of the techniques used. 
